The relation between the constitutional hypoplastic anaemias and leukaemia is now well established (Garriga and Crosby, I959) , and a further point of similarity between the conditions is the relative frequency with which foetal haemoglobin synthesis has been observed in age-groups where the haemoglobin pattern would be expected to be of the adult variety (Beaven, Ellis, and White, I960; Shahidi, Gerald, and Diamond, I962) . Although the chromosome pattern has been studied in detail in many forms of leukaemia, there is little available information about the changes in the constitutional hypoplastic anaemias of childhood (Sj6lin and Wranne, I962). Furthermore, there have been few chances to obtain consecutive information about the changes in haemoglobin and chromosome pattern during leukaemic transition.
This report describes the consecutive changes in the haematological, haemoglobin, and chromosome constitution of a girl in whom an acute erythro-leukaemic picture developed during the course of a long-standing hypoplastic anaemia.
Subjects and Methods
In order to compare the distribution of foetal haemoglobin in the child under discussion with that found in other acquired haematological disorders, blood samples were obtained from 71 persons with the conditions listed in Table I . Haematological studies followed standard techniques. Foetal haemoglobin was estimated using the method of Betke, Marti, and Schlicht (I959) and the intracellular distribution by the method of Kleihauer, Braun, and Betke (I957), using the photodensitometric modification of Shepard, Weatherall, and Conley (1962) . The electrophoretic, chromatographic, and fingerprinting techniques were as previously reported (Weatherall, I963) .
Five serial samples of peripheral blood and one of bone-marrow were taken from the child under discussion over a I2-month period for chromosome studies.
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The peripheral blood was cultured by a technique similar to that of Moorhead, Nowell, Meilman, Batipps, and Hungerford (I960) and bone-marrow was studied both without prior culture by the technique of Tjio and Whang (I962) and after a short culture period by the method of Ford, Jacobs, and Lajtha (I958). Spreading of cells was effected from 60% acetic acid by airdrying and subsequent staining either by lactic-acetoorcein (o025%) or by Feulgen.
Case Report P. B. was first seen in I957, aged 8 years, at the Royal Liverpool Children's Hospital following a severe epistaxis. Her parents said that she had been small and pale as long as they could remember and that she was thought to be anaemic as an infant though she had not undergone haematological studies before I957. No history of drug exposure could be obtained. Examination at this time revealed a very small, poorly developed child with pallor but no hepato-splenomegaly. A blood count revealed the following: Hb 7 g./Ioo ml.; WBC 3,ooo/c.mm. (polymorphs 42%, lymphocytes 43%, monocytes 9%, basophils 8%); platelets 24,000/ c.mm. The red cells showed hypochromia and marked anisocytosis-poikilocytosis. The serum iron level was 300 jg./ioo ml. The bone-marrow was hypocellular.
She was treated with vitamin BI2, folic acid, and blood transfusions, but she remained anaemic and thrombocytopenic, no improvement being noted on the addition of cortisone therapy. She underwent splenectomy in March I957 whereupon the platelet count rose temporarily to normal and then slowly fell. By the end of May 1957, the haematological picture was similar to that when first seen with Hb of 8 g./Ioo ml. and 73,000 platelets/c.mm. She was maintained on prednisone and occasional blood transfusions from I957 until July I962. During this period the Hb fluctuated between 7-9 g./ioo ml., the total white cell count between 3,ooo and 5,ooo/c.mm. with a relative lymphocytosis, and the platelet count between 30,000 and ioo,ooo/c.mm. The bone-marrow picture at this time remained only moderately cellular with an occasional bizarre nuclear pattern seen in the erythroid precursors.
She Starch gel electrophoresis using a phosphate buffer system (pH 7 o) revealed no haemoglobin H, no inclusion bodies being seen on incubation of the red cells with brilliant cresyl blue. Foetal haemoglobin was not detected at this time by either the alkali denaturation or the acid elution techniques. After the rapid clinical deterioration in January I963, with the appearance in the peripheral blood of many bizarre nucleated red cells, the level of alkali resistant haemoglobin rose to 5" . Using the acid elution technique, it was clear that the acid resistant haemoglobin was present in a single line of cells, the preparations containing about 5°1'0 of foetal cells, the remaining cells resembling normal adult 'ghost' cells with complete elution of the haemoglobin (Fig. 2) . The presence of two distinct cell lines was confirmed by photodensitometric studies of photographic negatives of the acid elution preparations, the appearances remaining constant at a variety of elution pH values. These studies were repeated at intervals of two weeks over a period of six months. During this time the picture remained unchanged, the number of foetal cells showing an approximate agreement with the level of foetal haemoglobin.
The alkali resistant haemoglobin was found to be identical to genuine foetal haemoglobin by several criteria. Thus it showed an identical rate of electrophoretic migration on starch gel with pH 8 6, and on agar gel with pH 6 o. It had a similar rate of alkali denaturation and ultraviolet spectral properties as genuine foetal haemoglobin and behaved similarly to foetal haemoglobin on column chromatography using Amberlite, IRC 6o. Large quantities of the foetal haemoglobin were prepared by column chromatography, concentrated in vacuo, and purified by repeated cycles of starch block electrophoresis. The fingerprints of tryptic digests of this purified material were compared with genuine foetal haemoglobin and found to be identical.
In vivo ferrokinetic studies and red cell survival (Table I) Increased amounts of haemoglobin F were only seen with any frequency in patients with acute 'blastic' leukaemia, multiple myeloma, acquired aplastic anaemia, and paroxysmal nocturnal haemoglobinuria. In each case the foetal haemoglobin was heterogeneously dis- (Fig. 3) .
The outstanding feature of all the blood and marrow samples was the large number of cells showing chromosomes with very prominent secondary constriction zones (Fig. 4 and 5) . Chromosome or chromatid breaks were also evident in some cells but these are considered to have arisen at the regions of the enhanced constrictions during slide preparation. The frequency of these secondary constriction zones (or breaks) is given in Table II (Baldini, Fudenberg, Fukutake, and Dameshek, I959; Sheets, Drevets, and Hamilton, I963) . The presence of a severe hypoplastic anaemia from an early age associated with the marked retardation of growth and scoliosis suggests that the neoplastic condition was superimposed on a congenital hypoplastic anaemia of the Fanconi variety. Although the outpouring of abnormal nucleated red cells into the peripheral blood only occurred six months before death, the marrow showed the presence of some bizarre erythroid precursors at least one year before. I:
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The chromosomal findings in this child are of interest. The significant increase in chromosomal fragility with many breaks and very prominent secondary constriction zones is not a regular factor of untreated leukaemia. Such a picture has been described in cells grown in a calcium-free medium (Sasaki and Makino, i963) , but there was no abnormality of calcium or phosphorous metabolism in this child. The positions of the constrictions and breaks seen do not always correspond with the sites of secondary constrictions in human chromosomes as reported by Saksela and Moorhead (i962), Ferguson-Smith, FergusonSmith, Ellis, and Dickson (i962), and Sasaki and Makino (I963). The lack of correspondence is most common in chromosome i where the constriction appears about midway along the lower arm, not near the centromere. It is in a similar position in chromosomes 7 and 9. In chromosome 2 the constriction appears mostly just below the centromere (Sasaki and Makino) but also occasionally in a more terminal position (FergusonSmith et al.) . The constrictions in chromosomes 3 and 4 agree in position with those reported by Ferguson-Smith et al., and in chromosomes 2 and 3 the upper arms may also be affected (see Fig. 5 ).
The possible relationship of these chromosomal changes to the congenital hypoplastic anaemias has not yet been fully studied, but P. S. Gerald (i964, personal communication) anaemia. This requires further study, in particular the possibility of an abnormality of nucleic acid metabolism in congenital hypoplastic anaemia and the relationship of such chromosome changes to the subsequent development of leukaemic states.
The finding of a trisomy for a large chromosome, probably No. 6, during the transition to an erythroleukaemic picture is of some interest. Such chromosomal changes have not been reported in the Di Guglielmo syndrome but occasional cases of acute leukaemia have been associated with a trisomy for a chromosome closely resembling No. 9 (Sandberg, Ishihara, Kikuchi, and Crosswhite, i964).
The development of a 47-chromosome cell line in the blood after the picture of fresh erythroleukaemia had developed is also of interest, because of the haemoglobin changes. Before the clinical deterioration and outpouring of nucleated red cells into the peripheral blood no foetal haemoglobin could be detected either by alkali denaturation or acid elution techniques. Coincident with the appearance of an erythro-leukaemic picture, the level of what appears to be foetal haemoglobin rose to 5 %. This acid-resistant haemoglobin was present in one cell line. This is unlike the heterogeneous distribution of haemoglobin F found in myeloproliferative disorders with raised foetal haemoglobin levels (Zipursky, Neelands, Pollock, Chown, and Israels, I962; Raper, I963;  and this study). It is also different from the heterogeneous distribution of acid-resistant haemoglobin observed in thalassaemia, the haemoglobinopathies, and congenital and acquired hypoplastic anaemias (Shahidi et al., I962; Shepard et al., I962) . A single line of cells containing mainly haemoglobin F has, however, been demonstrated in a patient with erythro-leukaemia associated with an acquired Dl-trisomy mosaicism (Ceppellini, I963) . In the children with the Dl-trisomy syndrome who had increased levels of haemoglobin F (Huehns, Hecht, Keil, and Motulsky, I964) (Gerald, Walzer, and Diamond, I964) .
The study of the correlation between chromosomal changes and alterations in protein pattern is only in its infancy. The finding of increased levels of leucocyte alkaline phosphatase in mongolism with a 2I trisomy and a reduced level in chronic myeloid leukaemia in association with the Ph chromosome has suggested that the locus governing synthesis of this enzyme might be on chromosome No. 2I (King, Gillis, and Baikie, I962; Nowell and Hungerford, I964) . This relation has become less clear, however, since it has been noted that, in patients with treated chronic myeloid leukaemia in complete remission, the leucocyte alkaline phosphatase returns to normal while the Ph' chromosome persists (Frei, Tjio, Whang, and Carbone, I964).
Summary
The haematological, haemoglobin, and chromosome patterns have been studied in a patient with a constitutional hypoplastic anaemia during transition to an acute erythro-leukaemia. In the preleukaemia phase there were chromosomal changes characterized by frequent breaks and increased secondary constriction zones. No foetal haemoglobin was present. After leukaemia transition a line of foetal haemoglobin-containing cells appeared and a line of cells trisomic for a large chromosome, probably No. 6, was noted. The possible interrelationships of these observations are discussed.
